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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a high semiconductor 
device with high 

reliability having embedded wiring in which conductivity 
and electromigration 
resistance is satisfactory. 

SOLUTION: A contact hole 103 and a recessed groove 104 
for wiring are formed 

on an interlayer insulating film 102 accumulated on a 
semiconductor substrate 

101, and then a TiN/Ti film 105 which is a diffusion 
preventing film is formed 

on the wall face of the contact hole 103 and the recessed 
groove 104 for 

wiring. A copper alloy film 106, in which Ag is included 
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in Cu is accumulated 

on the TiN/Ti film 105 through sputtering method, and a 
copper film 107 is 

accumulated on the copper alloy film 106 by a CVD method or 
a plating method. 

Then, Ag included in the copper alloy film 106 is diffused 
to the copper film 

107 by heat treatment, so that the copper alloy film in 
which Erg is included 

in Cu can be formed. Then, the contact and the embedded 
wiring constituted of 

the copper alloy, in which Ag is included in Cu can be 
simultaneously formed by 

operating a CMP method to the copper alloy film. 
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(2) 



1 

Uffi«fta»BIHi. CuCAg, NbXHAliOs** 
**SftfcM^.fc9*4£fc*^i:-r4¥iWls£ 



10 



20 



[H*JB2] ffiiEMte&tt. Cud A 
gj&WrSfiT*^ fc Sr^^-rSW^JB 1 fcK««> 

[MRRW3] miB^^i. CuCO. 4«*%OT 

on b 3*iT$r4 £ t *««i:i-4¥Wtt««. 

fflfiSto&^E&ki. C u tClulBA 1 z O3 ^fcifc LT& 
4B&&J: 0 &4 £ i: £#$tfc -t4¥gffc§IS. 

mmmmmmomMfcc utAg, n b x&a 1 2 o 3 

#*-£3r SiutS 1 <7)&m£ 9 &4Sfl 1 «O^JRJSSr^-t 
«EWl«A«il<0±KCuXJiCu 6» 
jiaftS J: a (c#j^4»2tf)£IU»BlSlgi: , 

ttffi¥Wft*iKfc*r ixmmim -> -c nines i o& 

JSHK^SfxT^Ag, NbXfiA lzOaSrfTie^ 
2<^MRKfidK3-l£4£i:fc:J:'}. CuKAg, Nb 
XttA 1 lOsj^^SfuWB^J: 9*4Sft&*K« 
fc#j£^4a^*KIMaftlSi: fc«£T^4 i fc 2r 

iw^me ] fries i <o*RfflBB«xgn, mesh 

i ^an^mw-r&xs^^. 

2 cD&mmBfSxmiz . mm i »&i«<o±fc 

WEaft^Ell»«l8tt, 1NEVIBtBjKlta.J:£IB 
£ L T ^4 Mie^ 1 <0&mifttf 8 2 <0&J«JI£ 

[IWJW7 ] man 1 n&mamta.mt* 9 

i 91JES20>£«K£tf«-r 4Xg£#tf::t SrtMS 

l?IEffiSiffltHSl5^-ir^tfrlw™Mi)«o±t^c u xtic 

EKIMilH»)WI*>&**i4 <t 5 K*1BKH->TW«W 
tSlOAMJWJRXSk. 50 



30 



40 
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2 

-tSffl2«^«J: 9fc43S2«>£JlR*JESS1- 4S520) 

&jMMxgt , 

JBKfc-tWSftT^SAg, NbXliAl 2 0 3 i&HufE^ 

tWBlBBftB»0±t»aj I/O > 4 ifrf ESS 1 
Vm2CO£mZmilX , CuCAg, NbXfiAl 
aOsjWMrSfifclBaaJ: 9fc4*»&*i»«:#J*W- 
4«ft3i»iSI8«jaiai:*ll*T^4Ci: tiwsk-r 

4^*gaosn3t^a. 

1MEKt*JHIH»fcC uXttC u £}0mttt-fh& 1 

Mi o tphm i o^jbji^ss i o&swwiesias 

mfEHl^JSJK^±tAg, NbXJiAliOs**** 

«BHc**S*irv^4Ag, NbXUAliOsSrilKas 
KOAMJRtffiitS^ifctJ: 1 ). CuKAg, Nb 
XtiA 1 i03*«**S*ifc«^AJ: 9$r4Stf>&»EHl 
*m*4*«>^EI»tt£De ttfflli-cv^ik* 

Wat 1 4 *mft$mwwmm . 

[ MSB 1 0 ] ^ttMUitcttff 3iifclRN&KR 

SOaMBDMIBcC uXIJC u Sr±Jt^fc-T4® 1 f)& 

MJRC**3*lT^4Ag. NbXfiAlzOaSrlgfe^ 
l^AMJRtcaa^^ikfcJ: 1 ?. CuCAg. Nb 
XJ±A 1 »03*<4ir$*ifc«^AJ: 0^4ffli6Ji^S4S 

t»*+4«»iz^iai»*iek *mi.x^h z t * 

[000 1] 

i-4^*sB&tx*ojaafirj£fciiift4 . 

[0002] 

[fif*cosw] 0. 1 8ummvm<ai' i J3y£6i± 

t»«SilfcLSIfciiV^Ttts h 7 > : J X? COftmfc 
KWLTEMKOC R*#CJ:4aS66 f «iaTS i ar< 'Sro 
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3 

AlE*(iH9S3jixohm- cm) fcfUT. J: Ofi 
fifiPSrCuSKdtJfiJKl. 7Mohm • cm) fcjflv* 
4W-bWfcW»4. 

[ 0 0 0 3 ] LSI ^i«t&ff«Ctf 

-j t^SEiS^ an 4®f t <o^«# ; iiftr t cJttDn ut 

l/?bnv4 7l/-vgyfc^3*l#l£ttLT^ -e<7) 
fc*vi£fcjWil*3-fi"0>4. 

[00 04] 

[Jffl;MIRfeLJ-3i:i-4illH] CuiDS: 

I2$lffi#J-9«ffl£&4fc, iu;hn?^l/-y 3 
y|ffifcv*5£Tttl3JHm&fc#;ifeti4. fltttf. 
0. 3//m(B^«^»ffl^«iiJi|gT't±, iWI-n? 

-f^-^gyBttaWSMtrstfR^sn-cv^ [Y. I 

garashi et al, VLSI Synp. , p.76, 1996] . %r>X. 

[00 0 5] SMttntlX, Cu-Mg^i 

[T. Tatewaki etal, IEDM. , p.293, 1995] , Cu- 
Zr^ [Y. lgarashi et al. VLSI Symp., p.76, 199 
6] „ Cu-Sn^f*>Wtl-CV^. 
[0006] LfrLZWh. Cu-Mg^ Cu-Z 
r &&XliC u - S n-^^coHi-^#i; O^lEUti, 

[0007] fnet«»> *«**>r6i±fcx 

l/^bo7^1/-y 3 >jft<|f £>fr Jit ^ffiifciaS i 

t iPTS 4iiii§i*ffi£»r 4 Z ttJ: 0. jsm^xtf 

fc*4. 

[00 08] 

[RB*J*ifc*4fc*>*>*ft] *HJHH*MU 3131 9§£ 

twcuatfcsufcfc&fc. «-&*iitt*flMW-4iM["P 

*v^H^4ttxu^ Mr?4 7V-5/ a VBfttiWfch.T 
ii/? hDV/f 7*1/- j/g vlltefcflfi^ff ffit$<o«»< > 
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4 

flteAK*a**fc*l4ST* & fc ^tjfticii LfcO-C* 
4. 

[0009] #8«o«teA*>3-fe. ?l5I03$Sat>'«« 

t-9 (mm. tx*)b. p.692 » 1997) mmi, 

fc. H8fc>St1*ttBfcJ:44:, Cu-Nb^, Cu 
-A g-fr&RX/C u — A 1 2 Os^Ali, £8<"0iB£&«"3 

3 *> , g iss o 3$s Rvmw.mnmuizmirzm^X'h 

[0010] Ul*Dl*tt*»S>#a 4 4 <t "3 fc. C u tcN 

»i!ii*#is-r*fc. awwstfxwhn'-M TV- 
S' 9 >i^fcftft*<i«ttwwv^f«(a**»4>n* 

<7)X'$>&. 

[ooii] *mnz&tm i a«fca 
»fi»*-rr 4^^**f*t u 

fi. CufcAg. NbX&AU 0 3 3 

20 [00 12] min¥m#&M!££&k* «*>&»fiiK 
liCuKAg, NbXJiAlz 03*%#§ii-C : 5:4C 
u-Nb^, Cu-Ag-^XIiCu-A 1 lOs^-t 
J-O&O. Clix£>Cu-Nb-&<£\ Cu-Ag££&t/ 
C u- A i 2 03-^:(±ia8 cy\mmtz*'f£o iz^ 3131 

t o o 1 3 ] m i o^mn«tjanc*jv^T , «tea*t. c 

u C 1 SS%OT«D A g#-£-#£ tLT^4 d fc **# i L 
v>. 

[ o o 1 4 ] iit, is i cr>¥m&mmizt6\,\x . 

30 (i. CuCO. 4M%JilT<?)Nb^W$n-C*4^ 

[0015] *^C^4m2C0^fr^K{i. tlifcS, 

-r4^«t«!It»«k SiffiA 1 2 0 3 

U »Wi*S«ttC u (ca 1 iOs**itlftl,T'Sr*«'& 

A J: 0*4. 

[0016] 02^NIHcS!EXC i 4 k . StfJii^SEiSS 
(iCut:A l 2 0 3 *%-tSfL-C-jr4Cu-A lzOs-^-A 

40 tJ;-5(^ ^m^sa/mmmcommzmtix^. 
tn. mfr&fr®M<7>±.izmf&ztitztmm*Aiz03 

**Tf4fc«>s «HWRlc*q(r«fL4A 1 2 03-Ht#>ii 

*B»t^t«s-«fT:c uca i i0s*«*-ss-fir*4c 

u-A U03$£$:%%l l zBJ&tZ>Zb1) i X'%&. Z<?) 
%^r, A 1 203(l*€i$tt£ -frL-CV^4>t», *044Jfi 
JS^i: LTfflV^4iti)-C'#4. 
[0017] *^t^4^ 1 0^»ftg§Oil)t*S 

Sr*g)S;-t4G!]g5^JCtSt. BKfflEHW^affltC u (c 
50 Ag, NbX(±Al 2 0 3 ***"frSiX*IPtlOftllJ:'3 
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i e&mmmfct&m i e&mm&cm t . 

m 1 «0ASR<O±fc:C uXttC u 5r±fiSi^-fc1-sm 2 CO 

Ag s NbX«±Al 2 O3 £f&2tf)&JR$|{;:i£ftc£-ttl> 
^ttiO. Cu£Ag, NbXJ±Al2 Os 

[00 18] IBi^iNwraafiOWKriSti&i:, S 10 
ISHWIBfcJgjSSftJtiaSffllHSBOffiiftC ufcAg, 
NbXiiA 1 2 Os A^^-^iXTtmiO^JlJ; 

i <r&mm jsb£ Lfca. 1 ^g^»±t c u x 

GZtlX^hAg* NbXJiAl 2 Os &SR2tf%fiEJRK 
CulCAg, NbXfiAl2 0 3 # 

[0 0 19] CuXJ;iCu$:±J&frfc-f6gf3 20 

a»EISBi, *BI»»Rt:iaWHIHBiI&»J«LTtsv^'r 

tioT^Siiiifc^v^. Sin co¥#ftgfi<o 
SiiSrStiai:, CuCAg. NbX(iAi 2 o 3 *< 

J: 9 JBlfcti Z t 4 . 4fc . B*JflEiai0>TiHfc 

3(:tSt, fir/^vx^Ci-jti^iOi: 30 

c o o 2 o ] a i (D^mtmwcowmiimzii^x . g 

10>&«»BjSIgli» fMHI3£4trJII8lttl»K0> 

_hfc£iHfc:H->TS 1 ^fe«JB*«9«-6lS***. 
m 2 <o£MffiBiSlgli. 3 1 *>£IUR»±t£:iIf fcH 

W 40 

c o o 2 1 ] m i o^mitMeitowafratfe^T . 

fcfcS-fSIgfc**, ffS2«^«RJgflOT«. CV 

[00 22] fc-I3T\ TlMy/P-^O. 18jum 
OitftT'ti. ny^htf-zk^'O. 2 5/<m@tlo 
0. 8/im&K«oaSSfc$r>)s E«fflDn*tO^T 

o. 5/imsatf5as*«!ast*4i:^as<i6. £«> 



ftHPFl 1-204524 

6 

t . c v Dffiavy -y ^mx'immco^mm^imti 

n I i 3 fc -f 4 k aT-VN-y \ bXL-tot: 
[ 0 0 2 3 ] t £6**. $ 1 «0AJKBWfiRXg*«X»'C-y 

?mt,z£iomicD&mmztmtz>xmz-%*-. m2co 
^atamusific v d ^xti* 7 t <t 0 $ 2 

KAg, NbX(iAl 2 03**^$tlfc®l^M«t 

K>%mi<o£mmi^vmiz£*)Bf$.uzm. c 

uX«C u 2r±j£frfc-f 6SfS2c9:£JKJ: l 9^:S^2«0^ 

tmthcox\ wmmmnzm 1 <oA«Rftt«s 2 

[0024] *%BHt^4^2C0^f^ScoSji*-ffi 

a, ^mwmfctizmmziitzmfflffl&mizffl&mw^ 

mn±.izc uXfic u *&&tib't&f&i<r>&&i. 

mi co^mm^wmmmu^mnb^t ti& x ? t^ns 
ts^TffM-rsn 1 <r>&mm&f&jMt , tn 1 <?&m 

i«ltAg. NbX{iAl2 Os Sr-^*-r432^ 

mx v%z&2co&mm£Bm-%m2cr>&mmBmT. 

8fc. ^*S^^LT^aa^ff^-,TS2£0^« 
JSt-^ff^^-C^SAg, NbX(±Al 2 Os 5:^1^ 

Lx\^iw,\<o±mmm^2<r>^mmm^Lx. c 

utCAg. NbX{iAl 2 03 a^fl'Sfutffl^.J: 9 

[0025] m2<D¥&fa%wcvmmmiz£ h t . m 

KC uXJiC u ^±^,*i:-t4^ 1 f)ARJ: O^-g-mi 

bXt£Ai 2 o 3 ^#*t-4m2<7)^ScJ;0 ; 5rl.ffi2<7) 
^JSIS^ffML. S»M!!ffil*fT5flroT»204R 
KC**S*lTV^Ag. NbXJ±Al 2 O3 ^^1C0 
A«Hfcffitt«-t*fcA. CutCAg, NbX«iAl 2 

o 3 tftt*ixtzm&&^ti:%MfrikmmzBfc? 

ZZkffX'Zh, 

I 0 0 2 6 ] «fC. m 2 WWcJgB«)«JK!ri£{±. IS 

Rt»JSLfctt. K»l^SW<0±fcSS2O&SWS' 
JBft^ifeft. m2<0^«l^<7)^ffi(i{3»f :! FJat'S)So 
fi£r>T. ^2<0#gM*^C0Ag s NbX«iAl 2 Os 
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[0027] iFWNzm&3<n*mwm.<mmm 
mmmmBrnMi. wmmmzcyix&cu 
i <oAiwo±fc3aB«*qs#^-6 j: o mfctim i 

<o£MWBMU:S t , * 1 tf> AKR*>±fc A g , N b X 
(4Aii o 3 iHrtiZtitzMl20>&mt 9&SH2W& 

miztt truum Mr* -> t » 2 <n&mmz^ s nx 

USAg. NbMAh Os £35 1 O&JIRK&fScS 
-ti-SittCtO, CuCAg, NbXJiAlz Os 

[0028] »3 <n^wm.cr>mmmz± ht.m 

ia»fi»Ht»ritSiiJtEIMBIH«K:C u Xf±C u 
#fc**m^RJ:9 i 5rSSll£>&KR£#tfLfc 

a. mmi^mm^zAs. NbxiiAii o 3 # 

**3ftfcSS2«^J:9**SI2<^RR*#j£U 20 

$^£ff&^T^2W:£SJl£^*£ftTV'> 

|,Ag, NbXteAlz Os Sr^lco^gMfcteSC?^ 
2>fctf>, CuCAg, NbXIiAlz Os WSGZiit: 

[0029] tfte, »3<0^mWHSB^)«5t*iSfcJ:& 

t , stt^Dotfc as 1 o&sRfcism 1 oarroxuc 
siaasOTBfip*-* ± ? t»* uta, Mm 1 <&&jir*5 

a mmmtm^zmai mm 1 mm2<r>±m 30 

[0030] *»^(cffii»4O 2 PW*3SI<0lB6*ffi 
*±«»t-f*IB 1 <?)&M,i. 0=Srl»m 1 OAKRfcEttl 

jBDMWflii&a* tLK-omrsmtm^zmm 
0 mi&fzm 1 co&mm&&aMt . $ 1 wamk^ 

_t£Ag, NbXJiAla Os ^-t*-t^m2<7)^JgJ; 
"3 i S:4»2^RRtje*t6»2^)4fa^U:g 

t. ^m^^znvxmstm^^x'o-z^co^mm 40 

fc-g^rStlT^&Ag, NbXteAlz O3 £mi£>£ 
BKttt^^.^Jbf::* 1 ?.. CuICAk. NbXtiA 

[ 0 0 3 1 3 3S4 <033W*^<0Kftfri£fc: J: 4 fc , * 
ISB&liRf S *ufcR»B EBSfc CuXliCuJiiS 

fl-t ■* am i (D&rnz o &s m 1 ^^rr^^s Lfc 

ft. l£SSl<7>&«$l«±CAg, NbXttAli Os £ 
£^*f&20&l(.fc9*4SS2«>&ilR£»j£U * 
0>SL JK^fcfr*^TSi2ra£SIRfc*1f3ft"Oi* 50 
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Ag, NbX(±Al 2 0 3 tWl^WHKffiK*** 
fc#>, CutAg, NbXfiAlz O3 j&^^fSftfcffl 

J: 9 * £ 8»2^iE**JBjS-f-4 i t £ . 
[00323 *4<^NW*iSl^«a*at ift 

tiB.imtm®v±izmtiii%^£ $ 

R»l«4«IK0±(c»2<oARRt»jSt6ftft. * 

[0033] 

iwnnmmmm] ( m 1 agyis&ffi) ar. 
com 1 ^6iBB«i=ff i^f^iatijJt hms&m 
m/^mmim^^x .mi < a ) ~ < c ) &u® 

2(a), ( b ) *#HH,**«&W!IW*. 
[ 0 0 3 4 3 *1\ H 1 < a ) HZ^TXoiZ.. 
« l 0 1 «±fcit)l*3*ifcJf HBOIR l 0 2 icny*? 
h 1 0 3fttfEttffllHMtfft 1 0 4 *»)fit4 . ^ 

y^?h*-;H0 3<0gll0. 2 5;umg£i:-f&. 
[003 53 fcfc. 01(b) t*TJ:3t:. 
h*-^ 1 0 3at^E»fflEHjeai l 0 4 £irt* !HfS*£ 
HI 0 2»±fc^HCS-5T, t&mtiBRl Olbrttt 

mt*ft±.mtzTmcDT i ma^c ummmmi 

0 2Stf i RW»«ffil 0 1 A^^fiKSHFih-fiJJiWT 

1 NJBU 0 =5r&T i N/T i JR 1 0 5 ***** £ . 
[00 36 3 fcfc. Cu-lIl%A8J:04i«64 

Vit-Yv VkWL^h**t9 l &!Zt.*). T i N/Ti 
1 0 5 C7)±C4 0 n m(0HJ?S:#t *lfte&IR 1 0 6 

A*fi<«rvwr. SB^AHl 0 6(cj;o-C. 0. 2 5^ 

EMftf 1 0 4 tS^fcffiftatf i fcti-C#&t\ 
All, x/^y^ciOi^Ki0 6*ita-r^fc. 
f5c7)/jN$v^y?^h*-;n Q3comin<7W8ilzi5 

[00373 -££T\ !WIB<0^'«'x^ffiOttK8atJ«i 

( c ) I&f&X r> fif^R 1 0 6co±(2, Mltfm 
-^:M10 6C0^1 lf&<7)J¥? (48 0nm) Sr^TtS 

i o 3 ai^ienffltH^* i o 4 uffl&AR i o 6 Rvm 

miOllZk-o-Z^lzMtty&ttlh. CuCOCVD^ 

b ixmm* •y*zm^z>i%£MtTmzimmc u 
ari oetTifiKfflv^ifc^sfisrrft*. 

[0 0383 4 0 0'CgJt^)|^!!«IS-fi : *o-C, 
IH^ARl 06<0Ag*CuRl 07ta£ft5*4Ci: 
tiO, 02 (a) fc^rf Cu-0. 085S 
M% A g J; "JiSrSiB^R 10 8 S»*t* . 

[00393 bZ-bT, *B^aH10 8KtJt«Ag<0 
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-g-WMlco^Tii. 5 0 O'C&Kco&KT-t'iac u 

Ascowmmteimt%w&x'h*) . Ag***itu:* 

A g £3^#fct4ffi#ilt£&R 1 0 8 +fc 

4 i , A s<7yk^&b IXte 1 M%JaT**ff* U 
[0040] T i N/T i Ml 0 5&Wte£R 
108fc*fl/CW;UfCMPffifcfT$:-j"C, lB*£il£R 
1 0 2<DHznmtX\ / ^T i N/T iJRl 0 
£ARl0 8$»#*4£i:fc:J:9. 02 (b) fcjjrf 
HteARl08J:9 ! fr43X*?M 09&tf 
®6ji3«Sl 1 O^JMti. ffi£>2,*IEI8 
1 1 O&tfJIRIttlSRl 0 2*>±(c£IHfcH-3T, *itf> 
&*£tftl 1 Oiffim-&Cucr>±.-%'\crM.%.Zm±i- 

[004 11 *1 «»§fcfc^tMUC u - 
0. 0 8 5**%AgJ:D$:4lfte*Rl0 8«0lWSa 
i&gte. taroift!h!tiEircfc4 25O'C<t0t>S<T 
4 0 0°CT'J>4 B^&JI^IS. P 1 2 2 

3 , 19 8 1). BtsftaKiPff^fc ^ 3 ; timm. 

»tJtv^fc^3ii:TA**»4). S1££R1 0 8(ito 

[004 2] ifc, Cu-0. 085M%Agi9$: 
4H£A8*10 8tC:mvett, Ag«li50ppm 
aBTCftifcA. *H^«10 8<0«»e«W«4l«PIi: 
J$H1rI3?£> 1 . 7/zohm- cra?ft4 (J. S. Smart et 

al., Trans. AIME, 147(1942), 48) . ffiot, 
RIO 8«««eai*J4WHCit^TffiTt«rO. £*i 
tcHLT. JWc«4>*iTV*4Cu-Zr£ARJ:!Ji5r4 
Sfta*E«Ttt, Z r if 5 0 p p mi«l§tl5 1 
WRftilM6**2 • 2*i o hm • c mteJiffLT L£ 3 i: 
ttfc. ZrfcCufctfEfcl/CCuZri fcaftfcfM 
*V * fc v ^ |9KE«S£b 4 91 1 <7)^JtJ$Bfi9i 3 K, 
C u - A g J: 0 =5r 4 ffi^feR 1 0 8 *tfra*1ffl?a & . 

[004 3 J J2UJWJU:J:3fc, P&aRl 08 J: 0 
<ir4*ft&*ffim 1 OUflWtt&tfxp? hovf ^ 
I— v a yjjtttOI5;frfcfc^ , tffi*iTV>4. 

[ 0 0 4 4 ] t Z bX\ gWEWtStSTtt . C V D£Xli 
* -ydfifet J: oTC u - A g J; »)ifir4»&AR$*SW 

T**^. *l««aBB»(c*JV^TIi, w</ 

mizt o c u - 1 mm%a & x *)%&m&&m 1 o 6 

!:»< fc WcllteAR 1 0 6 ttJifcC VD8X 

tt* -y * mz i 0 fflR 1 0 7 £W< t&R Lfcft, 
SrJILTW^ARl 0 6*)AgtlfflHl 07Ctt»8* 
ftittiO, Cu-0. 0 8 5a*XAgJ:'}fc4« 
&6R1 0 8*#*l/O>4. 
[0045]**:, ^A-y^cJ: 9Jtffl,fcM&&R 



6) WRTl 1-204 524 

1 0 

1 0 6tt < 1 1 1 ) fflfcffil^4ttJtrt f fc4fcfc, $!£ 
6R1 0 6 JifcC VDifcXIi* 7*£fc«fc 9**3*14 
ffiRl 0 714. T«L^)»»*»tT (111) ffl(cEf6j 

«. «ot. mm?m%mnr&m o 6<o ( 1 1 

1 ) ffli:BBWU*iR10 7fcCVDi£XI4.*«y*ffi 

kj: 9*111-4;: t#-e§ 4. cuiiAitrat 

f c c«hftr*4fc*>, fttfffl-CSW (111) WsMBr 
««*-j*»{tk I flrO*v^ MRl 0 7<7) ( 1 1 1 ) m 
tf¥*ttttKl l«0±jSt¥ff^El6]LTV^ot\ ill 
10 4£Rl0 8J:9&411tf>i&aElftl 1 oteWrntiK 

[0046] *10««»BmtCfc^Ttt, Cu-1 
Sft^A g «t 9&&M&&R 1 0 6 bffiR 1 0 7 1 $r(i 
H*£fcRj63H2-C, Cu-0. 0 8 5*«%AgJ:'y 
^4iB^Rl0 8S:^fi)ct^* { . Cu-lll%Ag 
J:0**ffl^ARlO6t«illW-4ftb9ft:. TIN/ 
T i R 1 0 5 £lfWW-4-hJi<0T i NRfcA g fc*** 

20 ^OJtfflSa/cTil^RtCVDSXtt^-y^ffitJ: 
•)**$fifciJiWlBR4:3&»ibflllftt* i t ^*Rttmx 

[ o o 4 7 ] sra*e^R i o 2&tfiimwMHRi 
o l^fflSrTy^xrr^Xv^t'SOiaLTCu^fti: 

fttl»±L.T*J»ttf, TiN/TiRl0 5OJ:^«r» 
W»ihRfe*«L«r<T<>J:v\ 

[0048J a*:, mKommmiz&^xte. 

Rl 06 1 LTs *Sit:ieKtfcCu-Ag-&4*fflV^ 
«W** t ^^ft<«r-?'CtjJ:fc^fcUi. Cu- 

30 Sn^, Cu-Mg^X(±Cu-Zr-gr^SrfflV> 

[0049] (£20£tt£!B) OT. *»WO*2« 

m»n t ft 4 ^ftsntcfc ft 4 m^MiMmf*?) 

«3ft»ffifcOV^. @3 ( a ) ~ ( c ) &1/04 ( a ) 
~ (c) fc*9!L&#fcRWft. 
[0 050] t-T. 03 (a) fcrflcfiat:, ¥3Stt» 
« 2 0 1 0±(Cttm§ tL^l^lfe^R 202 13^; 
b *->V 2 0 3 AtmffllHFKai 2 0 4 5r^^t4 . 3 
V^?h*-;l-2 0 3^S(i0. 2 5/zma*t^4. 
40 [0 05 1 ] mz, 03 (b) HZiRtXSK.* 

b*-;^2 o 3%xm&mwfim2 o 4 ^^trJinnfiK 

R2 0 2cr>±iz^mizM^X . ¥?mWR2 0 1 tm 
«tt$:(fi]±$-li:4T«^T i RSt>*C uffliMI2 

0 2&tX^«(Ht«l2 0 l~r)itftSI»il:t«JJi«T 

1 NRJ: 0 =5r4T i N/T i R2 0 5 «tg"t4. 

[0 0 52] «K» ttMiO^i^-yybSrJBv^X 
A'-y^atiO. TiN/TiR2 0 5<O±CTJi^« 
R2 0 6t*«l,fea. CVDffiXttJty4fffitlJ:'5, 
03(c) liZfrttX o TS^fli|R2 0 6 0±(C±J1 
50 03MR 2 0 7 Srtftm-f 4 . ^<0*g-, Tl<7)iraR2 0 6 
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1 1 

t±M<omm2 0 7 kff$t»k LXU9 2 5 nmtt 

«^2 0 4{iTl&^±l^)«206, 2 0 7CJ; 1 ? 

[00 53] <WC. Xrt-y*ffifcJ:»K 04 (a) fc* 
tiot« ±Jf»«K207O±KMi»75nm<0il 
«*fr«-*7R2 0 8**1***. 

[0054) ftfc, -^7-^20 8««BI»fl:*l»<% 
*>, **ft*^ajc»IIIW+T4 0pXM<0«diPi 
fctf&oT. ^*7li2 0 8^Nb£TB&t>'-Ul£)§3 
K2 0 6, 2 07fcttKS**ii:fcJ: l J, 04 ( b ) 
fc*tJ:3t:, Cu-7. 2**%Nb J: 
«2 0 9t3B«-r4. T«SU r ±ilWiBK2 
0 6. 2 0 7*>K*6«9 2 5nm, -*:T|R2 O80>« 
fftf7 5nmt*-5t, Cu0DfcK#8. 93, Nb<50 

«teAK2 0 9liCu-7. 2fi*%NbJ:>9 

[00 5 5] ti^T. «^AIH2 0 9t:tJ»«Nb« 

*w*tco^r»4s 5oox;a««)asrpc»icu+» 
Nbcnwmito. 4M*%ms-c^o, Nb**wa 
±«rs*4 1 n b fc * «<n&ftii 2 o 9 

N b LTteO. 4«*%WT*W 

[0056] ftfc. T i N/T i $2 0 5&IMI&&JR 
2 0 9{c*tUTWitfCMPffi*fr*->Ts JliatUCK 
2 0 2«D±K®tf}LTUST i N/T i HR2 0 5&tfM 
£AR2 0 9 *!»***£ 04 (c) (c^rf 
J:3K, «^AIR2 0 9^0**3^^ H2 1 O&tf 

s^a^i2ig2 1 nfSAti. jm#>s*iei8 

2 1 1 &tfJ|ffllfiRR2 0 2 0>_hfc£iBfcS-3T . Sft 
&&IJS82 1 1 SrfllrtWSC u^±#A.?)i£ft£|S&it* 
aSM^'Jaffflte 1 2**MW4. 
[0057] Cu-7. 2fii%NbJ: O&ftflte&R 
2 0 9^m^f5^i«^i l )t^ ; F^V^2. OMoh 
m • cmgJK?** (K.R.Karasek et al., J. Appl.Ph 
ys. 52(1991), 1370) . L*»t>, H80f«fflK*tfil 
ii^fc. Cu-Nb^{igi-55gi55fiS* { ^<TXk 

[0058] ^fOSUBBBCfcvveti. 
Wifc C v DftXtt* -y 9 «M Lfc¥«*±« 
i0«R2 0 7O±lC-5i-^]R2 0 8S:*flW*fc«>, - 
*7M2 0 8<9lgUf[$:*S<T'£<l><7n:\ -*7H2 0 
8 mfcth N b t«j|KT*aV±lW««2 0 6 , 
2 0 7tcltf«S*6;i:* f T , *&. 
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1 2 

[ 0 0 5 9 ] ft. »2*>W»B»tetNvai. T«&tf 
±1^)IBK2 0 6, 2 0 7£«j£*.&Cui:^*7jg|2 
0 8*»lfc**Nbfc*HH3^teRit>3-eT, Cu- 
7. 2i»%NbJ;9s5rSfla£R2 0 9*#«U: 

#\ iftnttir, mmmz-*7m2o&im&$ 
zxoizixi>. ^-^y r m20 8m^m20 9t 

[ 0 0 6 0 ] Jf mteiHR2 0 2fttf¥»WHR2 

o l^BS-ry^-rr^xv^T'^atTCu^te 

10 ttfcHfjhLTisWf, TiN/Ti)i2 0 5<OJ:o^te 

[006 1] («3<0Htt«n) WT. *»WO*3«0 

Wt^SKov^s 05 (a) ~~ (d) &tK06 (a) 
~ (c) Sr«fiL=Sr3&«fe»W-4. 
[006 2] 4*\ 05 (a) fcjjS*J:3<c, 

« 3 o i <7)±izmmz tLkmsmtm 302 

b*-;l^3 0 3aylHiKfflIHI«S3 0 4S:^jS-ri». 3 
y^^h*-^3 0 3OSi40. 2 5>umggi:*&„ 
20 [006 3] MZ, 05 (b) tj^idC, 3y^? 
b 3 0 3 AtfEttffilHHIftl 3 0 4 Sr£tr»§]f6S# 
H3 0 2*>±te£lfflcH-jT, ^mWMHR3 0 1 1 m 

0 2»tjfiNw«KK3 o i^mmm±ti±mcoT 

1 NRJ: OSr&T i N/T i JR3 0 5 **«**. 

[ 0 0 6 4 ] mz . XK-y J: I) . T i N/T i jR 
3 0 5O±fcTl^«3 0 6*it!l*U:«, CVDft 
mx**ffiteJ:9, 05 (c) t**±oK. T1<0 
««3 0 6^±KJJi<OlH»3 0 7S*l!W-*. 
30 J:0, ay^^b*-/U3 0 3aWEIM9l!a«fl!3 0 4 
liTlStf ±Jf<>5«l!IR 306. 307 KiO ^(Cffift 

[0065] mz. T i N/T i m 0 5 . TJf&l>'± 
l«0illg3 0 6, 3 0 7tMt'Ci5iJ^(fCMP^5:ff : 5r 
ot, «|BltfiRR3 0 2<0±tClMJLT^4T-i N/T 
1R3 0 5, Tlftt^±lWMII3 0 6, 3 075:1^* 
Lit!*. ««(:J:67zy hx.y^-y^?:±1^^3 
0 7C»LTff«r->T. 05 (d) Kiprtidfc:, JbR 

oini 307 o±(csr B ii?$:m-rs . 

40 [0066] JKfc, *«IW>o*ffi»fc:J:»}, 06 
( a ) fc^tJ: 0 fc. ±^£0«3 0 70±tSfi?Wt 
«M3 0 8SrMfflW6. 

[0067] <RC ®^3 0 8cr>mmtiM<K:#>. 
***^«aB6Sffl«l+T4 0 0'CmK<7)^«MSrff 
*-9T. «R3 0 8^AgSTJBftt/±JB<0«W3 0 
6, 3 0 7lCfeSJS-a:S;i:(CJ: 0, 06 (b) tiW 
XilZ. Cu-0. ia*%AgJ:'5^Sill^^3 0 
9t»«-r*tftk:, BMI**R3 0 9J:')*&3^ - 

9 h 3 1 oat^a^a^iE^s 1 1 

50 ^Cu-O. ia*%Ag c tO : 5r-l»li^K3 0 9*5 
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1 3 

JBf8,Z1x&£5<iZ>TMRff±N<Wm306. 307 
b m 3 0 8 *>JRW£iHSF*4 . 

[00681 JW:. 06 (c) t^JSC, «»a* 
Stt3 1 1 fttfJf l3K8flg3 0 2<7>±fc£ffifcSoT, 
««>&#ffi*3 1 1 SrffifiS-f-SC uO±*A.coffii:^|J)5 
it*-* WLis y 3 yR3 1 2 £«HW* . 

[0069] £3 0&egJB£ J: I, i: , SRMBfc J; OR 
ES-£$SJftJf*JJItf>«B3 0 7 i:»lWS3t«3;ftfc 
«R3 0 8fcKIRMl*tf>"C\ JHHI6»fl83 0 2«±t 
*»SnfcK*CMPJ6KJ: OI»#**:Dgj&«S«fc$: 
4. 

[ 0 0 7 0 ] ffi, JS30£*B!BfctSHTt±» ±H <?)£0 
B3 0 7»±K3!SWft:«il3 0 8«rJ6*Ufc*«, i*i 
fcfUTs £fflHcMoT«R3 0 8*Jt«U;GL 
3£fT*:-3"CJH&&K3 0 9*J&£U *05tfc, Hfift- 
*£K3 0 8*CMPffi£J: OBfcSbT i 

[007 1 ] ($4*>£ffc$JB) UlT, *«fflW»4<^) 

■Btjrffic^^T, 07 ( a ) ~ ( c ) zmmL%tft> 
[0072] 4-r. »3«osateB3Bi:Ha(cfr. 

frffl£4 o l <7)±fc*«£ii£flraffi»4 0 2 1 3 y 

h^->vMfm.mmmi^mwmmA o 2*>± 

JC^]BCH-sTTiN/TiH4 0 5&iiaH-S. & 

fc, X/'i'y^CiO. Ti N/Ti|^4 0 5<7)±tT 
«c7)fflffi4 0 6£Jf«L£f£, CVDSXIl^ 7^81: 
J; 0 , TflWlHH4 0 6 (7)±(C±ao«5^4 0 7 &m 
L, *£9f&, T i N/T i $|4 0 5 , TAK&tf JJB*>*H 
K4 0 6, 4 07t^tTMt«fCMP^Srfi ; ^oT. 
07 (a) lZip~f£olZ, *iaitt*W84 0 2«±lcSffi 
LT^£TiN/TiJg4 0 5, TJl&tf-tJIc^l^ 
0 6. 4 0 7£Bfc*-fl>. 

[0073] 07 ( b ) iztfrt «fc -3 ±««li 
JBI4 0 7S.l^*ra»M4 0 2cO±^a(CH-5TT;k 
5-J-R4 0 8 

[0074] mz, numifftox. r;u5-tK4o 

8£aWW-4Al2 0 3 £T«&tfJUfcO»l4 0 6, 
4 0 7CJ£»8-fr , r, 07 (c) CiSti^t, Cu- 

Ai 2 o 3 **)%&m&&m4 0 9*mtittbtPi£.* 

Stfte&fit4 09.1:9*6 3 J"* ?h41 Ofttf«tt& 

^BRi&4 1 1 • 

[ 0 0 7 5 ] 3H4 fi^OBBflWCl: * t , T^5 ^R4 0 

KT/l- S ^«4 0 8 SrJff§lffi«ffi LTfflV *4 Z b ffX 

[0 0 76] H. SSl~*4«)S6M8KBtit»^Ttt. ffi 
ffiU07, 207, 307, 4 0 7 b UTtBHfcfllliVfc 

a*, ztuzittx. cuizmco&mtf-tttixK&m^ 
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1 4 

[0077] T i N/T iflgl 0 5, 205, 3 

0 5, 4 0 5XfilBB!l 0 7, 207, 307, 407 
SrStRCVDffi(Ci0 3y^7h*-/H 0 3, 2 0 
3, 3 0 3&tf8IMDflttilil0 4, 204, 304O 
rt»fc«*ff«l,Tt>J:V^L. TiN/TiH105, 
205,305,40 5cr>tth*) fc, fficO&j&R&itil, 
Witf, Tal, TaNRXIiWNl^tfflV^tJ: 

[0 0 7 8] 3^n*-;H03, 20 3, 

10 3 0 3StfettJaiBttill0 4. 2 0 4, 3 0 4«f*]$ 

■C, «107, 207, 3 07*&f&l,Xt>t\\ 

1 0 0 7 9 ] S&fc, JJf<D»l2 0 7, 3 0 7. 4 0 

(i, TB«OiHH2 0 6, 306, 406fc£fcl/tiJ: 
[0080] 

20 i^Slg^SCu-Nb-^, Cu-Ag^MliCu 

-A 1 z Os£&l43fig oaisat^MH^M^-tfth-T 

U- v a yj»tt«M^^ |6J±§€S -I t £ SCOT', 

[ 0 0 8 1 ] $ 1 &tm&M\ZtH> *T , fiteAtfC u 

ftro-feXKiSltS 5 0 O-CJ^T^ISJMT-iiAg^i 
«»k -ttffidW^A+tJiWrWtflf SB L^v WX\ 9f 

30 «f*ifc36«T#5. 

[ 0 0 8 2 ] 4fc, 35 1 WI*SSKliV^T , ffi^ 
uCO. 4gg%Wre r )N b *%fl$ixT^-g.*^ 
Wi, ^»#c7°a-feA^i5ttS5 0 0°ClilTOSi5!MT* 
liN b t±«4J-l:-f 4ffl3WH^ft+C^Bf«t*fa} L=Sr 

< @»r § ^ t *«r s s . 

[0083] m2<r>*mtmmzs.ht. t^immw. 

40 All 03&*^4«»IRtS«>ii»iSllfcffi» 

[ 0 0 8 4 ] m 1 «¥*#*BratB&*SEfc: i 4 b , c 
uCAg, NbXJiAl 2 O3 aD***SilfeiB^«t 0 

[ 0 0 8 5 ] £ 1 co¥gffrgS?)K£#£Ccfc^T , S 

f*, B(IB1^4t]iy*»5±lc^ffiKHoT»2<04SlRt 
50 Jt«L, «H*ira»±fcBiBl/O>MSl<0 
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1 5 

[ o o s 6 ] m 1 <0¥»#Sa&OW6arffifc8^T . * 
^^StJ:0«l<%fe«IR**tflLfctt. CVDSX 

[ 0 0 8 7 ] SB 2 o¥^tti£Stf)S!i§:fri£t J: it. C 
atAg, NbXJiAlz 0 3 j5teW3flfc«£&J: 9 

fc, SI2«£«<^lB;Wlff¥ffl-C*4fc*>. JNSRg 

$0M.arcMP(cj:»)HiSi/c. sMjsiHifficaA^ 

ISHfc JMWS I8*8*J.oW*fc:lT$r o Z b 
4. 

[0088] »3 «#^WMIil«)li3a*i6t i 4 fc , C 

utCAg, NbX(iAl 2 03 * { £#§*lfcffl£&J:'J 

fc. lBB6H^±fc«aJLfcllia^*2«A«JRt 

4ie#*Bfc ! 8r 4ffl?, ifi85:<oiiflti£ jg < i 20 
b%<m&ik£ 9$:4S*>&*I!i8S:»Jfr*-4£ btiK' 

[ 0 0 8 9 ] 354 <0*^W«ei««3S»!6t: J: 4 1 . C 
ufcAg. NbXfiAlz Os iteS%ZtltzW\&&Z.*) 
fc4«fc&a^£*&l3ft£t4 i 1 #"?:*& * t ft 

l»IBWJ:fc:«ajLTV^*20A«RtWi.tfCMPfc 

b ixmrnvA 1 j03fefflv^*&ctt, ss2<o&jr 30 
4. 

tun ( a ) - ( c ) im 1 <r>wmmzm*m& 

[02] ( a ) , ( b ) lift 1 <0»W5m 

sa«Ka^^#ia*«rBriiiia-c*4 . 

[03 3 ( a ) - ( c ) U92(^ltt3MSCff£^Wi 
[04] (a) - (c) tiffi2<3£^lIR£ffiS¥*ft: 40 
[0^1 ( a. ) ~ ( d ) {i*3«HS«fl5SS{cffiS*Si*|5 

[06 ] ( a > ~ < c ) usoo^atjejBtffi^mw* 

[07] (a) -~ (c) \±%4<nmmMmizfah*mfo 
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[08] mm^<ommmRtmmmt:^tn 

[fixation 

101 ¥&ffc»K 

102 J||3MGgK 

103 ay?? 

104 mmwmn 

105 TiN/TiJl 

106 m^itm 

107 MR 

108 ai^&R 

109 n>97Y 

1 1 0 gtt&AIBit 

111 aft^'JnyjR 

20 1 

20 2 JMHfiKK 

203 

2 04 SlftffllSNffif 

20 5 TiN/Til 

206 Tl^ffiM 

207 ±.m<mm 

2 08 -*:/JR 

209 m&m 

210 uy^^b 

2 1 1 ax>&»EfK 

212 gftx'JnyM 

301 ^mimm 

302 VfflKglR 

303 r7y??b*-/U 

304 genjMsii 

30 5 TiN/Til 

3 06 TlOfflM 

307 ±ncomm 

3 08 ffiR 

309 m&±Wi 

310 

3 1 1 s^a^gani 

312 gftj^JnyJi 

401 

402 jus&sji 

4 0 5 T i N/T i JS 

406 Tmnmm 

407 _LJf<OlP3JI 
4 08 T/US-HS 
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[06] 
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C«aSH3 Tftl 1^1^80 
[*EEtt$ff£B«] TO* 

Htriea^a^iss«i, c u t a i 1 osawHrsfifcHte 

Oft*.!*: fcaat-ri^sfrasi. 
1 mm 2 j fc Ks*>&»Eiiw>±tc» 

IfflSKSlRii. A IjOs fc£lTU 

frlEa^a^iEiKs. c u t huIea 1 2 o 3 aqsifc txft 

i«l(:4I(:l-5-CCu t A gXtfN b****Sftfc 
* 1 <0A1U 0 ft 0*ffl* { (111) L/0>4 
H 1 w t J: 9 . fifieKI&BDTO 

miz mm 1 «oAMjH£#jfct*s 1 «>&iuk$&: 

Ub. 

C v D i£X(i:.x *mz J: 0 . MBS 1 WfcHHeoiic 

M:I->TCu frt>%$>frXiZC u £±jfcfrfc't!.m 
2<7>&m±9ft , )^M# (111) ffifcHEl*Il/0*&SI 

ISRfc**iiTV**AgXliNbfcii9iE£2^JIIHfc 

fetich mmmmwM jitasai i/o * s ma 
mi«^«JKsv : ^2<7)^s^i^s-ri. l rtt j: 

CufcAgXttNb S tl£iH£& J; 0 ft 3> S*^^ 

cvDffiXlix«y*j£fcj:0. WIBie^ffllHlSPSr'irtffr 
^ ^.ilsS^i'f'SSS i iO^H J; 9ft SIS 1 <7>^MS?5r si; 

1 *5$SRtf>J:fc:£Hfc:H->T A gXliN b S-t 
#*-4fil2«>£llJ: 0ft4»2^aR*JEWW4»2 

IWPMWIsSffifctt LTf^Sfcff ft ^ TfyfBJfl 2 
■Jtfc** fit ^ * A g Xtt N b Srflrf BIS 1 OMMMlc 



tf»2<0£KIR*l!li*LT, CutAgXIlNbi^t 
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